of the vertebrate retina sodium azide was found to produce remarkable changes (I). Administered intravenously in small doses it evoked a rapid reversible rise of the potential difference across the eye. It affected also the electrical responses to illumination (electroretinogram, optic nerve potential) and it furthermore induced changes in the spontaneous discharge rate of retinal elements (2) . The following study attempts an analysis of the site and nature of that action of azide which causes a change in the potential difference across the eye. Pursuing this aim it became necessary to employ methods by which nervous and nonnervous layers of the retina could be destroyed in a selective manner and to measure the action of azide on these abnormal preparations.
Extensive use was made of our recent finding (3, 4) that iodoacetate in doses of low toxicity is able to produce irreversible effects on the mammalian retina, particularly on the visual cell population and the pigment epithelium.
As will be described, the correlation between the histological appearance of abnormal retinae and their electrical properties provided the essential analytic procedure of this study, the results of which suggest that transfer mechanisms across boundaries between retina and choroid participate in producing electric phenomena of the eye.
METHODS
In general, the experiments were performed on albino rabbits of 2 to 3 kg. body weight. The potential across the eye-bulb was measured between cornea and the posterior pole of the eye. Under local anesthesia the lids were cut. and retracted from the cornea by means of threads, and the conjunctiva was severed from its connection with the sclera. The bony and membranous roof of the orbit was removed and the loose tissue covering the superior ocular muscles was carefully dissected. Thus the retrobulbar space was rendered freely accessible for the posterior electrode which was brought into connection with the sclera close to the exit of the optic nerve. Dehydration of the exposed tissues was prevented by a cover of cotton soaked in warm, liquid paraffin. The electrodes were silver wires of I-to z-mm. diameter coated with silver chloride and enclosed in glass tubes filled with Ringer or isotonic KC1 solution. All recordings were made from a cathode-ray oscilloscope after appropriate amplification by a differential d.c. amplifier. During the experiment the animals were immobilized by curare and artificially ventilated. Responses to illumination of various intensities and duration were frequently tested. Since the magnitudes of the response potentials and of the steady potential across the eyebulb differ considerably, two or three amplifiers set at different attenuations but connected with the same electrode pair were routinely arranged in parallel. Use was made of the stimulus triggered cathode-ray sweeps for recording the a-and b-waves of the response potential.
Further recordings (by ink-writer or cathode-ray) simultaneously obtained when desired, included the optic tract potentials in response to illumination (needle electrodes through the brain), the potentials from the striate and other cortical areas (screw electrodes in the skull) and the electrocardiogram. In addition,
the optic nerve excitability was tested by directly applied electrical stimuli in several series of experiments while recordings were taken from the optic tract or the striate area.
For histological examination, the eyes were removed immediately after the electrical measurements had been performed and the responsiveness to azide had been tested. They were fixed in Zenker solution and embedded in paraffin. Sections of 6-p thickness, cut along the vertical meridian, were stained with hematoxylineosin, Heidenhain-phloxine or the Mallory trichrome stain. Sodium azide was dissolved in Locke or Ringer solutions. The solutions were made isotonic by adjusting the NaCl concentration; their PH was 7.35 to 7.45. The injected volume was routinely 2 cc. when rapid intravenous administration was employed; if not specifically qualified all doses mentioned give the amount of NaN3 dissolved in 2 cc. of saline solution.
RESULTS

I. Description oj Azide Response
In the experiment of figure I sodium azide solutions were injected into the rabbit's ear vein while the potential difference between the cornea and the posterior pole of the right eye was recorded.
The experiment was performed in the dark.
During the control period of half an hour the potential difference adjusted itself to a fairly constant value of 2.4 mv. It had been about I mv. higher during approximate daylight conditions and shortly after the electrodes had been applied. As is normally the case for the vertebrate eye the cornea was electropositive with reference to the posterior pole. Sodium azide (0. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] mg.) was dissolved in 2 to 5 cc. of Locke solution; the injection period was kept as short as possible. As illustrated each injection produced a sudden, monophasic change. the cornea increased in positivity by 3 mv. for 2 mg. azide ( fig. I, I ) and by about 15 mv. for the highest dose employed ( fig. I, 4) . The latency of this potential rise was almost independent of the dose, measuring about 4 seconds from the start of the injection. Using doses of I mg. or less the potential response showed a curved summit; the rapid rise of the potential was followed by an almost equally fast return to the control or a slightly higher level, 3 seconds being required for its rise and about 5 seconds for the decay to half the peak value. With doses of 2 mg. or more a slow decay, however, dominated and the potential difference remained greatly increased for hours ( fig. 2 ). Anoxia induced by nitrogen breathing abolished this increase within 2 to 5 minutes ( fig. 2 ) and reduced the potential difference across the eye to about zero. This response to azide was found to depend to a great extent upon the mode of injection.
The latent period of the reaction was a small fraction of a second when the agent was injected into the homolateral common carotid; it was increased to more than 4 seconds after in/ravenous injection whenever there were indications of a failing circulation.
Furthermore a slow rise of the potential to lower peak values than described resulted when the time of intravenous injection for any one dose below 20 mg. was lengthened thus allowing more time for the mixture of the injected volume with the blood. This was evident when the injection time was increased by only a few seconds. For a slow intravenous infusion this effect is illustrated in figure 2 . With the dose chosen (I .5 mg/minute), a continuous and slow increase in the potential difference was almost proportionate to the inflow of the agent and the potential increase per minute was a fraction of the rise observed when the dose per minute was injected within I or 2 seconds. While these findings indicate that the action of azide is of very great rapidity, i.e. virtually instantaneous, the curves of the response after fast injections ( fig. I ) appear to suggest further that the combination of azide with the reacting system is readily reversible. These curves are best explained by assuming that they record the instantaneous concentration of the agent in the intraocular blood within the limits imposed by the maximal responsiveness of the system and by diffusion rate and capacity. The rapid ascent of the potential and its fast descent from the peak attained when low doses are employed ( fig. I, 1-3 ) seem to reflect arrival and passage of the column of blood containing a sample of the injected solution which after one circulation is diluted to an almost ineffective concentration.
If not completely so, a transient increase of the potential during its descent from the peak ( fig. I, 3 ) appeared to mark the renewed inflow of the agent into the ocular tissues after one circulation time had elapsed. When, however, sufficient time was allowed for the distribution of the agent over the body tissues during the injection, a slow recovery from the effect of the agent prevailed. This was the case with slow intravenous infusion ( fig. 2) , and when the agent was administered rapidly in doses higher than necessary for a maximal response ( fig.  I, 4 ). This slow recovery rate was probably determined by the slow excretion of the agent or by its slow eliminatjon by other means. A sigmoid curve describing the relationship between the log dose and the instantaneously achieved rise of the potential was obtained under standardized conditions and by the rapid injection of 2 cc. of azide solutions into a cannulated hind leg vein ( fig. 3) . The relationship closely approximated linearity for a range from IO to 95 per cent of the maximal action which corresponded to a dosage range from 0.1 to approximately IO mg. NaNa in 2 cc. Employing the same technique, threshold responses were obtained consistently by 0.005 mg. NaN3 contained in 2 cc., whereas the maximum rise in potential (20 equalled the intravascular concentration with no decrease occurring by diffusion, a threshold molarity of 3 X IO-" results. Since, however, these assumptions do not hold, the true value of the threshold molarity must be considerably lower. An indication for the necessary correction is given by the following consideration: Assuming 20 minutes to be adequate for the distribution of the agent over the body tissues and taking that dose which produces a minimal increase of the potential for a longer period of time, a threshold molarity of 5 to 8 X IO-~ was found when the molarity was calculated on the basis of body weight. Applying the resulting factor for correction it follows that azide in about M/JOO strength produced its maximum effect.
The response to azide of the potential across the eye considerably surpassed in magnitude the changes evoked by illumination and measured with the same electrodes (table I). The maximal value for the effect of illumination as given by the amplitude of the c-wave of the electroretinogram varied between 0.5 and 1.5 mv. compared with a potential change of 20 mv. produced by the rapid injection of the maximum dose of sodium azide. The values given for the 'steady potential' in table I refer to measurements of the potential difference across the eye taken at the start of each experiment after a 20-to 8o-minute period in the dark. From each measurement was su,btracted any potential difference present half an hour after the death of the animal; it generally was within the range of I mv. Since the average value for the steady potential was 3.4 mv. it follows that the average maximum effect of illumination increased the potential difference by less than 50 per cent while the average maximum effect of azide produced an increase of almost 600 per cent. The maximal (transient) value for the potential difference between cornea and posterior pole as measured during the action of azide was 27 mv. We chose, however, to express the action of azide by the increase in the potential difference it caused rather than bv the total values the ootential difference attained. This method of evalua- tion made unnecessary any a priori assumption as to the correlation between azide response and steady potential.
The response of the eye potential to intravenous or arterial azide administration was found in frog, rabbit, cat and monkey. The frog apparently was relatively insensitive when compared with the mammals. Under similar experimental conditions, variations in responsiveness were very slight and in the rabbit, where experimental conditions were most easily controlled, the magnitude of the response for any dose differed by less than 5 per cent for the majority of the animals except with doses below 0.05 mg. For routine measurement of the responsiveness to azide I mg. NaN:, in 2 cc. saline solution was injected, which, in the majority of rabbits, produced a rise in potential of IO to II mv. The responsiveness to azide in albino rabbits was virtually the same whether the agent was injected in the dark or during illumination of up to I lambert intensity. Sudden and simultaneous exposures of the eye to light and to azide changed the height of the azide response slightly depending on the polarity (2) and the size of the c-wave of the electroretinogram.
Narcosis by urethane (I that it failed to appear when both electrodes were distant from the eye and touching either the skin, muscle surface, the skull or the brain. There was also no response to azide when the intraocular blood flow was interrupted by the application of high pressure through a needle in the anterior chamber (5). The response reappeared shortly after the pressure was released. Next the eye was opened, and the anterior portion of the eye-cornea, lens, iris, corpus ciliare and the anterior rim of the retina-were removed by a cut along the equator. With one electrode in the vitreal body and the other at the posterior pole of the bulb, 5 mg. azide injected intravenously (ear vein) produced an average response of 10.2 mv. rt 0.3 in three rabbits compared with 13.5 mv. (&o.s) during the control period. The effect of azide disappeared, however, when the retina was subsequently removed by detaching it from the bulb and by severing the optic nerve inside the bulb. In general, detachment of the retina occurs readily between the layers of the rods and the pigment epithelium, the latter being rather tightly fixed on the choroid by the glass-membrane. Since in albino rabbits the pigment epithelium is invisible to the unaided eye, the experiment was repeated with pigmented rabbits in order to ascertain that the detachment was performed in the described manner. Nevertheless, whenever the retina proper was removed from its pigmented bed and, thereafter, the anterior electrode placed upon the exposed dark surface, azide failed to provoke a measurable Jdy 1952 POTENTIAL DIFFERENCE ACROSS EYE-BULB 223 effect. As will be shown later this result does not exclude the pigment epithelium as the reacting element.
b. Azide Response After Dege'neration of Ganglion Cells. The optic nerve was cut just outside the bulb in two young rabbits and the responsiveness of the eye examined 6 weeks thereafter.
Using the contralateral eyes as control, the potentials across the eye-bulb (steady potential, electroretinogram, azide response) were not found to be impaired.
In response to 0.5 mg. NaN3 the potential rose by 3.95 mv.
-6 (+o.os) compared with a rise of 4.1 mv. (~0.1) across the contralateral (control) eyes. Exploring the surface of the retina of these eyes with a microelectrode (5, 6), a marked reduction in the number of active elements was revealed in those in which the optic nerve had been severed previously.
Subsequent histological examination demonstrated degeneration of the optic nerve fibers and disappearance of the majority of cellular elements in the ganglionic cell layer. The innermost layers of the retina were, therefore, considered as not participating measurably in the production of electrical potentials across the rabbit's eye-bulb. c. Azide Response After Retinal Degeneration Induced by Iodoacetic Acid (IAA). IAA has been shown to render the mammalian retina inexcitable to light stimuli within a few minutes after intravenous administration (7) . From the elec-trical analysis the effect appeared to be caused by the selective impairment of visual cell functions.
Furthermore, it was found that in rabbit, cat and monkey repeated injections of the agent irreversibly impaired the structural maintenance of rod cells, cone cells and pigment epithelium, the first named being the most susceptible, the last the least (3, 4) . This effect was utilized for the analysis of the azide response in the following manner. In albino rabbits, two to four injections of 15 to 20 "g/kg. body weight of IAA, neutralized by NaOH, were administered intravenously within 24 hours. After 3 to 9 weeks the eyes were examined electrically by measuring their steady potential and their response to illumination and to azide administration. Subsequently, the eyes were removed and fixed in Zenker solution. For the following analytic correlation of the histological appearance of the retina with the elec- (table 2) only those experiments are considered in which the administration of IAA had resulted in the permanent disappearance of the electroretinogram. Histologically the retinae of these experiments showed widespread disappearance of the visual cells. In sections through the vertical meridian of these eyes, each retina was found devoid of almost all visual cells ( fig. 5 ). In the material used for the analysis of the azide effect (table 2) there were several cases in which the disappearance of the visual cells had occurred in a very selective manner. While rods and cones and their nuclei were virtually missing, the nerve cells (bipolar cells) of the inner nuclear layer and the ganglion cells were apparently well preserved (fig .  5, I ); the glia elements (Miiller cells, outer and inner limiting membrane) were arranged as in a normal retina and the pigment epithelium formed a continuous, normally appearing layer in loose contact with the preserved part of the retina ( fig. 5, I ). Choroidal structures were likewise essentially normal. In other cases, however, the pigment epithelium had degenerated and had disappeared in some areas together with the visual cells ( fig. 5 ). Glia reactions (proliferation of Miiller cells) were then also present and the inner layers of the retina had become atrophic to a variable extent. In order to evaluate the variations in the structural impairment of the retina, the presence or absence of the visual cells, of the pigment epithelium and the bipolar cells was measured in vertical sections through the whole bulb from camera lucide pictures and the amount preserved expressed in percentage of the total'retinal arc. In table z the anatomical data thus obtained are given in conjunction with the electrical measurements.
When the eyes, having been exposed to the effects of IAA, were examined in Z&O the absence of optic reactions (the animals were blind) and the lack of an electrical response (electroretinogram) to strong illumination (100 lamberts) were generally found in striking contrast to the presence of a response to azide administration (table 2). In the majority of these eyes, azide produced a potential rise which was reduced by no more than 50 per cent as compared with control animals. Furthermore, previous to the administration of azide, several of these eyes also showed a IA' = inner nuclear layer; P = pigment epithelium. Hematoxylin-eosin X 330.
potential difference across the bulb ('steady potential,' table 2) within the range of the normal variations (table I) . This suggests that the processes which maintain the responsiveness to azide and the 'steady potential' are related but that they are surprisingly independent of those which maintain sensory mechanisms. Moreover, the response to azide occurred in the virtual absence of the visual cells. These had survived only to a very small, variable extent at the anterior rim of the retina (ora serrata), around the optic nerve entrance and along the horizontal band of myelinated nerve fibers. In one animal, however, in which these areas were also devoid of visual cells, I mg. azide produced the highest response encountered in the entire group (I-394  table 2) . Furthermore, anticipating a greater resistance of the visual cells along the ora serrata, five eye-bulbs were cut through the equator during the course of electrical examination and the anterior portion of the eye removed together with the anterior rim of the retina. Before the cut I mg. azide produced a response varying from 2.9 to 5.7 mv. After the removal of the anterior part of the retina the response decreased by the same proportion as in control animals (see section I), i.e. by no more than 30 per cent. Sections through the remaining portions of the retina showed either no visual cell organelles whatsoever or a small cluster of visual cell nucleiaround the optic nerve. It is concluded, therefore, that the visual cells are not the site of origin of the response to azide.
The finding that azide evoked an electrical reaction in the absence of the visual cell population excludes as a possible source those neuronal elements of the retina which are best suited anatomically to produce an electrical phenomenon of such magnitude at a great distance. The possibility, therefore, suggested itself that mechanisms depending upon continuous membranes parallel to the surface of the bulb conditioned the potential difference in response to azide. It was found that after IAA treatment the degree of preservation of the pigment epithelium was correlated with the magnitude of the potential change induced by the injection of azide (table  2) . Measurements of the length of the retinal arc over which the pigment epithelium had not disappeared due to the effects of IAA disclosed a statistically significant (at the 0.001 level) relationship between the preservation of the pigment epithelium and the response to azide. Since severe damage of the pigment cells was often associated with distortion and atrophy of the inner layers of the retina, the responsiveness to azide was also compared with the degree of bipolar cell preservation (table  2) . There was, however, no statistical evidence (as tested by the rank order correlation coefficient) that the response to azide was correlated with the degree of bipolar cell preservation.
d. Responsiveness to Azide After Destruction of Pigment Epithelium and Visual Cell Organelles by Sodium Iodate. The effect of iodate on the retina has been the subject of several investigations (8) (9) (10) (11) (12) which were originally stimulated by clinical reports of severe visual disturbances after the administration of bactericide solutions containing sodium hypoiodate. It was found that iodate produced pigmentary degeneration of the retina with selective involvement of the visual cells and the pigment epithelium and with some evidence that the earliest effect of the agent is on the latter structure.
In order to test the responsiveness to azide under such conditions sodium iodate was administered intravenously in one dose to two series of albino rabbits (table 3, group A, B). In series A, 5.5 cc. of a neutralized 2 per cent solution were injected and the e;ye potentials measured 14 days thereafter; in group B, lower doses were employed and 3 weeks allowed to elapse before the electrical and histological studies were initiated. As shown in table 3 both groups revealed a striking effect of iodate on the potential difference across the eye ('steady potential') and on the reaction to azide. When measured in the same manner as throughout this study, the steady potential difference present was generally of reversed polarity, the cornea being up to 3 mv. negative to the posterior pole of the eye. Furthermore, I mg. of azide either failed to produce any effect on the potential difference or evoked a very slight change. Even a dose of IO mg. of azide which produced the maximum effect in the untreated animals (20 mv.) did not induce a potential change greater than 1.1 mv. Except for experiment I-90, these small responses to azide had the same polarity as in untreated animals, i.e. the variation evoked by azide was cornea positive. In I-90, however, the polarity of the azide response was also reversed and the cornea became transiently more negative. Contrary to what might have been expected from the virtual unresponsiveness to azide, illumination was not ineffective. In response to flashes of light of IOO lamberts a small cornea-positive deflectionthe b-wave of the electroretinogram-was obtained. In group R to which lower doses of iodate had been administered, the b-wave was best preserved and it corresponded in size to a normal response evoked by a flash intensity of about one thousandth of the one employed. In both groups of animals, pupillary reactions were present and occasionally a blink reflex to strong flashes of light was noted. In short, these eyes showed less impairment of sensory functions than had been observed in the experiments with IAA; their responsiveness to azide was, however, much more affected (cf . table 3 with table 2) .
Microscopically, there was severe damage of the outermost layers of the retina ( fig. 6 ). Many outer and inner segments had disappeared, others were shortened and swollen. In group A there were no outer and only few inner segments which had a normal appearance; in group B segment destruction was less generalized and there were large areas which revealed essentially intact sensory organelles. In al- most all eyes of both groups, a majority of visual cell nuclei were, however, well preserved; except for small areas, the outer nuclear layer had maintained its normal thickness and most nuclei present did not exhibit signs of degeneration.
The inner layers of the retina were undamaged except for some distortion of the inner nuclear layer in small circumscript areas due to relatively weak Miiller cell reactions. Compared with IAA, iodate achieved its most remarkable histological effect on the pigment epithelium ( fig. 6 ). In group A the pigment epithelium had disappeared extensively. More than 90 per cent of each retina had lost its epithelial cover with the exception of experiment 1-93 ( outer nuclear layer and Mtiller cells had moved and spread over the inner surface of the choroid.
Comparing the histological effect of iodate and IAA it is evident that iodate affected the visual cells and the nervous elements of the retina to a lesser degree than IAA. This is well correlated with the better preservation of sensory function in the animals treated by iodate. If, therefore, the responsiveness to azide depends upon the integrity of the sensory and nervous elements such responsiveness should be better preserved after iodate than after IAA. The reverse was actually true. In the latter case a response to azide was evoked despite the complete disappearance of all visual cells and some damage of the nervous layers; after treatment by iodate the responses to azide vanished although there was no histological evidence that the nervous layers were impaired. Inasfar as the sensory and nervous elements are concerned, the histological effects of iodate generally did not extend beyond the sensory organelles. Since even the majority of the visual cell nuclei had not de-generated, it is inconceivable that the destruction of the sensory organelles by iodate should have a more extensive influence on the neuronal chain of the retina than the complete disintegration of the visual cells by IAA. It follows that neither the preservation of azide responses after the administration of IAA nor the disappearance of these responses after iodate treatment appears to be correlated with the prevailing condition of the nervous layers of the retina. This argument applies specifically to the bipolar cells, the horizontal and amacrine cells, whereas the visual cells, the ganglion cells and the optic nerve fibers are positively excluded as the main site of the action of azide.
The effects of iodate, however, support the suggested alternative that the potential in response to azide develops across the pigment epithelium. While after IAA the size of the azide response was significantly correlated with the measurable damage to the pigment epithelium, the virtual abolition of these responses after iodate was associated with considerably greater effects of this agent on the pigment epithelium than was generally observed with IAA. Evidence that other continuous membranes between the electrodes across the eye might condition the response was not obtained.
The inner limiting membrane was not affected in either case; the outer limiting membrane was partially destroyed but more so after IAA than after iodate. In addition, the fact that these membranes consist of a network of glia fibers makes it improbable that they constitute boundaries upon which the observed potential change in response to azide could depend. The only finding which seems to contradict the assumption that the pigment epithelium is the essential structure is the disappearance of the azide response after mechanical detachment of the retina from the pigment epithelium.
During the initial phase of our study (I) this effect was taken as evidence that azide produced the potential difference along the visual cells in accordance with the generally accepted view (6, 13, 14) that the sensory elements determine the 'resting' (steady) potential of the eye. This assumption that azide affects primarily a differential visual cell polarization in the sense that the rise of the potential difference is caused by such mechanism has now been shown to be wrong. Other phenomena of the azide effect may, however, depend on a direct effect of azide on the visual cells. In view of the overwhelming evidence that the response to azide did not depend upon the integrity of a, specific structure of the nervous retina, the disappearance of the azide response after detachment of the retina is interpreted as due to pigment cell injury by the manipulation necessary for the detachment.
Response to Anide During Acute bffects of IAA, Iodate and Anoxia
The differential effect of IAA and iodate on the sensory function and the responsiveness to azide as described in the preceding paragraphs (chronic experiments) was also evident during the early phase of action of these agents. Measuring simultaneously the potentials of the optic nerve (IS) in response to strong flashes of light and the potential difference across the eye, t,he responsiveness to azide (rapid injection) was tested shortly before and in short intervals after the intravenous administration of these agents. In the graphs of figure 7 the effects on the optic tract response to illumination are demonstrated by plotting the relative amplitude of the 'early-on-wave' (I 5, 16) of the response which proved to be the most resistant component of the optic tract potentials. As illustrated (upper graphs, fig. 7 Therefore, the persistance of the optic tract response to illumination in contrast with the disappearance of the powerful effect of azide on the potential difference indicates that the latter was accomplished without a simultaneous impairment of the neuronal chain of the retina and of primary and secondary photic reactions. This substantiates further that the sensory and nervous elements of the retina are probably not the source of the potential change evoked by azide.
Anoxia induced by ventilation with 99.5 per cent nitrogen abolished within several minutes the lasting increase of the potential difference resulting from azide administration ( fig. 2) . To test the effect of anoxia on the maximum responsiveness to azide, rapid and forceful injections into the homolateral carotid were employed in order to bvpass the general circulation.
In the concentration used in these ti experiments, azide produced a transient potential rise of 20 mv. during the control period. Five minutes after the start of nitrogen breathing, the same or higher doses increased the potential by 2 to 8 mv. and no potential rise was obtained after 7 minutes of anoxia. This compares with 6 to 8 minutes of anoxia required for the disappearance of the optic tract potential under the same conditions and with 12 to 20 minutes for the disappearance of the b-wave of the electroretinogram. Anoxia as well as iodate conditioned a reversal in polarity of the electrical reaction to azide previous to the occurrence of unresponsiveness.
With high concentrations of azide injected into the homolateral carotid the anoxic decline in the response amplitudes continued beyond zero in such a manner that after 7 to IO minutes of anoxia the injection of azide produced a transient electronegativity of the cornea of 3 mv. maximally.
Ten to twenty minutes later, the injection was completely ineffective. A similar change in polarity is well known for the steady potential of the frog's eye during asphyxia (Waller cit. f., ref. 13 ). In rabbits the steady potential, however, fell asymptomatically to zero. The reversal in polarity of the response to azide also occurred very rapidly when high doses of iodate were administered ( fig. 7) . About 4 to 6 minutes after 0.6 gm. iodate, I mg. azide (in 2 cc.) evoked a cornea-negative response of I mv. compared with a cornea-positive response of IO mv. during the control period (cf. fig. 7 ). Ten mg. azide, which produced a potential rise of 20 mv. under normal conditions, caused a cornea-negative variation of up to 6 mv. (fig. 8, 4 ). Latency and time course of these responses of -reversed polarity did not differ from the control recordings ( fig. 8) . In either case they were essentially monophasic. A diphasic response of small amplitude ( fig.  8 5) 7 was, however, obtained shortly before azide became ineffective. In one series of experiments the effects of iodate were tested 20 to 30 minutes after the administration of IAA. A change in the effects of iodate was not observed although the preceding administration of IAA had almost abolished any reaction to illumination. The reversal in polarity of the azide response developed as in the other iodate experiments in which the sensory function had not been impaired.
Eject of Various Drugs and Poisons on Potential Difference
Numerous metabolic conditions and agents were tested for their ability to simulate the effect of azide. In most cases systemic toxicity prevented sufficient examination.
Anoxia induced by artificial respiration with 99.5 NZ produced a slow rise of the potential difference during the first 3 minutes of its action. During this period of time the potential difference increased by maximally 5 mv. above the control value before its rapid, final decline became apparent.
A similar effect was evoked by the administration of IAA in doses sufficient to abolish the electrical response to illumination; the disappearance of the electroretinogram was associated with an increase of the potential difference varying from 2 to 4 mv. Sudden interruption of anoxia by oxygen at times when the circulatory system had not yet failed produced a sharp, transient, azide-like increase of the potential of maximally 6 mv. which added to the rise obtained during anoxia.
HCN in sublethal doses was ineffective. Lethal doses, 4 to IO mg., administered intravenously affected the potential difference in the same manner as anoxia. Rapid changes similar to those produced by azide were not obtained. Since it has been reported that azide inhibits ATP-ase activity
it appeared possible that a change in the ATP concentration itself might be the primary cause for the observed electrical reaction. In order to obtain suggestive evidence for such possibility, ATP administration was tested. Two commercial preparations of the barium salt of ATP were used, which had been converted into the Na-salt I to 3 hours before injection.
Although intravenous injection of the compound was I'OTI5NTIAL   DIFFERENCE  ACROSS  EYE-BULB   233 ineffective, a marked sudden rise in the potential difference was obtained when it was injected into the homolateral carotid. Expressed in terms of total P, I to 2 mg. of ATP per cc. evoked an immediate rise of the potential of 8 to 12 mv. which was followed by a rapid decline beyond the baseline. Adenylic acid in doses equal in total P produced only a slight increase of I to 2 mv., and corresponding doses of sodium orthophosphate induced a rise varying from 0.8 to 3 mv.
DISCUSSION
The described effect of sodium azide concerns primarily the old problem of retinal electrophysiology:
the possible site of origin of the potential difference across the eye-bulb. Early investigators of electrical phenomena of the eye were well aware of the fact that a multitude of boundaries are interposed between the electrodes at the anterior and posterior pole of the eye. Dewar and M'Kendrick (20) attempted analysis by separating various structures such as cornea, lens, choroid, sclera and measuring across the exposed surfaces. Ktihne and Steiner (21) , on the other hand, chose the rapidly deteriorating isolated retina to be certain that their measurements were at least related to the retina proper and not to processes elsewhere. The results of both schools led to the hypothesis, supported almost unanimously by later investigators, that the sensory elements are the site of origin of the potential difference. The free end of the visual cell is thought to be negative with reference to its base since this assumption readily explains the reversed polarity of the cephalopod retina (22) as compared with the vertebrate retina. The exception is a study by Lehmann and Meesmann (23) which attempts to prove that the potential difference originates from a Donnan equilibrium between the blood and intraocular fluids (anterior chamber) determined by the difference in protein concentration. Though far from convincing, the assumptions of these authors are responsible for the caution of recent reviewers of the subject (6, 13, 14) in stating that phenomena other than visual cell polarization may contribute to the actual size of the potential difference across the eye. The possible participation of the pigment eplthelium in creating or contributing to the potential difference has never been consid ered. Assuming that the potential difference is the sum of various components which might have different origins, the results of our study are taken to show that one component is rather selectively sensitive to azide. The extremely low threshold to azide and the high magnitude of the potential change clearly indicate that the responsiveness to azide defines a process which contributes to the normal size of the potential difference. Most certainly the observed reaction is not the result of an unbiological effect such as would arise if the agent combined with the electrode. Utilizing selective effects of histotoxic agents on the retina and correlating the histological appearance of the retina with the responsiveness to azide, it was concluded that the azide-sensitive component of the potential difference does not depend directly on the integrity of the visual cells and of the nervous elements. Instead, the analysis pointed to nonnervous boundaries between the anterior and posterior pole of the eye as the essential element of the response. The diagram of figure 9 outlines the experimental condition encountered in the measurement of potential differences across the eye-bulb, as it appears when all the nervous and sensory structures are disregarded.
In essence, then, a system prevails which is very familiar from measurements across glandular structures and in particular from the frog's skin. By liquid bridges the electrodes are connected with the two main phases of the system, the 'retinal' and 'retroretinal' ones. epithelium serves the requirements of the visual cells whereas the inner layers of the retina are supplied by a specially developed vascular system deriving from the internal ophthalmic artery. Since it is most unlikely that the organized membranes between the retinal and retroretinal space are equally permeable to all electrolytes present, an electrical dissimilarity between both spaces must be assumed. Moreover, relatively rapid exchange processes are suggested by the great difference in the metabolic rate of both spaces, and numerous gradients across the membranes can be assumed to exist. The outlined system ( fig. 9 ) is very similar in its anatomical and electrical aspects to the one existing between electrodes across the immersed frog's skin. The row of retinal pigment cells corresponds to the stratum germinativum of the skin. The active Na+ transport across the skin (24-30) which probably provides the source for the potential difference between outside and inside is assumed to be maintained by this basal layer of the epithelium. The homogenous basal membrane of the frog's skin, analogous to the glass-membrane of the retina, probably also participates in determining the specificity of the transport mechanism (24-28). It is considered a Hf selective layer by Meyer and Bernfeld (31) . Embryologically the pigment epithelium is part of the retina (outer stratum of the optic cup). Together with all other ectodermal elements of the retina it derives from ependymal cells of the diencephalon (32) . Since it differentiates but little, contrary to the inner stratum of the optic cup, it may also maintain-in common with the ependymal remnants of the postfetal brain-the general function of all epithelium to serve as a living barrier between the organism and its surroundings. Insofar as active transport is concerned, such function of the ependyma is best exemplified by the vital role of the ependymal cells of the choroid plexus in the production of the cerebrospinal fluid. Moreover, since the exchange between retina and chorioidea occurs through the living cells of the pigment epithelium and since changes in the extracellular retinal space are likely to occur depending on the state of visual cell adaptation and excitation, one is inclined to attribute to the pigment epithelium some regulatory faculties for maintaining its own intracellular medium, while at the same time allowing sufficient transport to and from the retina. As will be discussed presently it is believed that these transport processes are the site of action of azide. Independent of effects on basal rates of cellular respiration, azide inhibits nulmerous processes of synthesis and assimilation (33) (34) (35) (36) ; it suppresses metabolic reactions (increment in oxygen intake) associated with muscle contraction (37) and nerve conduction (38, 39) ; it interferes markedly with the maintenance of the resting potential of muscle fibers (40) and it blocks processes of ion exchange across cell membranes (41) (42) (43) (44) (45) .
To account for its effectiveness which cannot be explained by reaction with metalloproteins such as cytochrome oxidase (46, 47) and cyto-w chrome c (48), interference with the generation of energy-rich phosphates has been suggested and a possible mechanism of such action has been outlined (49) .
Insofar as the described retinal effect of azide is concerned, the extreme rapidity of action and the low effective concentration of the agent (< IO-~ mol.) exclude the possibility that metabolic processes which support the production of energy are primarily involved. Conway et al. (41) found that during yeast fermentation there is a marked production of acid outside the cells and of alkali within and that this is coupled with active ion transport.
If the outside solution contains KCl, a considerable exchange of K and H ions occurs and free HCl appears in the outside solution. Sodium azide inhibits this acid excretion and the exchange of K and H ions, with IO-~ molar strength producing about 50 per cent inhibition. Cyanide and CO do not have a similar effect, while 2,4-dinitrophenol is a less powerful inhibitor than azide. Conwa.y assumes that the phenomena of acid excretion and K+-entrance into the cells during fermentation are the result of active transport across the yeast cell membranes and that a series of metal catalysts incorporated into the membrane serves the transference of cations (and anions) in conjunction with oxidation-reduction processes (50, 51) . The effect of azide is interpreted by the inhibition of such metal catalysts. It is noteworthy that the inhibition of ion transport by azide is associated with an increase in fermentation rate due to the fact that in the absence of active secretion more 'metabolic hydrogen' is available for the production of ('azide-response'). The reaction was instantaneous and reversible. The relation between the increase in potential difference and the log dose was linear for a range from IO to 95 per cent of the maximal effect. A molar concentration of less than IO-~ gave the threshold response; in about M/~OO strength azide produced the maximum increase (20 mv.) in potential difference. The state of retinal adaptation had little or no influence on the reaction.
The potential increase was shown to originate within the eye. Removal of cornea, lens, iris, corpus ciliare and the anterior rim of the retina reduced the response magnitude by less than 30 per cent. Detachment of the retina abolished the reaction.
Degeneration of optic nerve and ganglion cells, induced by severance of the optic nerve in young rabbits, did not affect the responsiveness to azide nor did it change the electrical reactions to illumination.
The effect of azide was tested in rabbits which had been treated by iodoacetic acid 3 to 9 weeks previously.
The retinae of these experiments showed degeneration with widespread or complete disappearance of the visual cells while the inner layers and the pigment epithelium were totally or partially preserved. These eyes lacked responses to illumination but showed a cornea-positive 'steady' potential across the eye-bulb and responses to azide. Measurements of the length of the retinal arc over which the pigment epithelium had not disappeared disclosed a statistically significant correlation between the degree of preservation of the pigment epithelium and the magnitude of the response to azide. The responsiveness to azide appeared not to be correlated with the degree of bipolar cell preservation.
The histological effects of sodium iodate on the retina were described. In contrast to iodoacetate, iodate produced a chorioretinitis with more severe impairment of the pigment epithelium but less damage to the sensory and nervous elements. Although weak electrical responses to illumination were obtained in animals treated by iodate 2 to 3 weeks previously, sodium azide wa.s either ineffective or produced minimal reactions. The 'steady' potential of these eyes was of reversed polarity (cornea-negative).
The differential effects of iodoacetate and iodate on sensory function and responsiveness to azide were also studied in acute experiments.
Simultaneously with the rapid disappearance of optic tract potentials in response to illumination after administration of iodoacetate, the response to azide diminished only moderately in amplitude.
Conversely, intravenous administration of iodate abolished the potential increase in response to azide while a simultaneous effect on optic tract potentials in response to illumination was absent or developed to a minor degree. Anoxia, induced by nitrogen breathing, eliminated within 7 minutes the increase of the potential across the eye in response to injections of azide into the homolateral carotid. Urethane or Dial narcosis was of little effect on the azide responsiveness. A cornea-negative potential change after the injection of azide occurred during late stages of anoxia and iodate poisoning previous to the occurrence of unresponsiveness. A similar effect as evoked by azide was not produced by HCN homolateral carotid increased suddenly the potential difference, while in total Pcontent corresponding doses of adenylic acid and orthophosphate were considerably less effective. It is concluded that azide produces its effects by interference with electrochemical processes at the boundaries between retina and choroid. These processes depend on the integrity of the pigment epithelium and the glass-membrane. They participate in producing the normal 'steady' potential across the eye.
